We propose a method to extract the properties of the isobaric mass parabola based on the total double β decay energies of isobaric nuclei. Two important parameters of the mass parabola, the location of the most β-stable nuclei Z A and the curvature parameter b A , are obtained for 251 A values based on the total double β decay energies of nuclei compiled in NUBASE2016 database.
I. INTRODUCTION
The nuclide refers to an nucleus as characterized by the number of protons (Z) and neutrons (N) that the nucleus contains. A chart of nuclides is formed by listing the known nuclei, both stable and radioactive, in an array on a graph of Z versus N. If perpendicular to the plane in which a nuclide is located the atomic mass is plotted as a third dimension, the resulting mass surface has the shape of a valley. An isobaric (A = constant) slice through this mass surface yields roughly a parabola which is usually referred to as a Bohr-Wheeler parabola [1] . The isobars located on the sides of the parabola are unstable to radioactive decay to more stable nuclides lower on the parabola, though usually the most stable nucleus is not located exactly at the minimum Z A of the parabola. Nuclides on the low Z side of the parabolic minimum Z A decay by β − emission toward the minimum. Nuclides on the high Z side of the minimum Z A decay in the opposite direction toward the minimum, the decay being either by β + emission or electron capture. The term "β decay" is used here to cover disintegration by emission of β − and β + particles and by capture of electrons. The β decay energies is the maximum value in the β energy spectrum. Indeed, it follows from the parabolic mass dependence that the β decay energy is directly proportional to Z − Z A .
Because of the extra stability associated with pairs of like nucleons an isobaric slice through the mass surface at an even A value tends to yield two parabolas of the same shape but displaced one below the other. On the lower parabola lie the even-even nuclides, on the upper parabola lie the odd-odd nuclides. Consequently the β decay energies plotted versus Z lie not on a single straight line but on a pair of parallel straight lines.
Isobaric analysis of β-decay energies have been made by several authors [1] [2] [3] , the early work necessarily being based on scanty experimental data. In Ref.
[1], Bohr and Wheeler had used the least squares method to determine the parameters of the mass parabola -the location of the most β-stable nuclei Z A , the curvature parameter b A and odd-even mass difference ∆E for 20 A values by three-parameter parabola fitting to the isobaric mass excess. In Ref. [2] , J. W. Dewdney had analyzed the isobaric β decay energies and used the least squares method to determine the parameters of the mass parabola for 157 A values.
The experimental data are taken from the Refs. [4, 5] . Later, X. Y. Li and co-workers [3] updated the three parameters of isobaric mass parabola for 234 A values (10 ≤ A ≤ 253) in the same manner as Dewdney but adopted the different mass [7] . The number and precision of nuclear mass in NUBASE2016 have highly increased in comparison with the results compiled in the AME1977 database [6] . The data now available are so much more extensive that it is possible to analyse them in a statistical way.
Double β decay has been and continues to be a popular topic, which is a rare transition between two nuclei with the same mass number that changes the nuclear charge number by two units. The double β decay is a second-order weak process of the form (A, Z) → (A, Z +2)
that has been observed in many nuclei [8, 9] . It has been long recognized as a powerful tool for the study of lepton conservation in general and of neutrino properties in particular.
Because the lifetimes of ββ decay are so long greater than 10 17 years, the experimental study of ββ decay is particularly challenging and has spawned a whole field of experiments requiring very low background. The energy release to be expected in double β decay shows even greater regularity than that of single β-decay as shown in Ref. [10] , but detailed studies of the properties of the mass parabola have not been performed by using the total double β-decay energies. In this paper we use more than 2400 total double β decay energies, which are complied in the NUBASE2016 database, to analyze the properties of the Bohr-Wheeler isobaric mass parabola by all modes of double β decay in the theoretical method. The advantage of this approach is that one can efficiently remove the pairing energies term P A caused by odd-even variation, and the mass excess M(A, Z A ) of the most stable nuclide for mass number A in the performance process, which are used in the mass parabolic fitting method. Furthermore, the over-all simplicity of the double β decay energy pattern may point the way to a convenient empirical mass formula.
II. THEORETICAL FRAMEWORK
Bohr and Wheeler [1] expressed the semi-empirical formula for the mass surface in the form for constant A,
Where M is the mass excess of the nucleus (A,Z) (nuclidic mass minus mass number), Z is as usual the proton number and A the total number of nucleons in the nucleus. M(A, Z A ) the mass excess of the stable nuclidic Z = Z A for mass number A, b A a measure of the curvature of the isobaric mass section, Z A the charge (not necessarily an integer) of the most β-stable isobar, P A the pairing energy due to the odd-even variation, and S(N, Z) the shell correction term.
The Q value is defined as the total energy released in a given nuclear decay. The Q value of β decay is calculated by the mass difference between the two nuclei (A, Z) and 
Because the reaction will proceed only when the Q value is positive. Where "Q β > 0" for β and ∆E are removed by the mass difference of (A, Z) and (A, Z + 2). We can obtain the universal expression to describing total double β decay energies in the same manner above mentioned,
where "Q 2β > 0" for β − β − , and "Q 2β < 0" for β We use the three equations Eqs. (1)- (3) to analyse the corresponding experimental data,
i.e. mass excess, total β decay energies and total double β decay energies, both parameters For the construction of the Q 2β formula we start by plotting the total double β decay energies Q 2β versus the charge number Z for 11 odd-A values 7 ≤ A ≤ 257 in Fig.1 . The experimental data of Q 2β are taken from NUBASE2016 [7] . One can see clearly straight below the odd parabola. This implies that β decay points lie alternately on a pair of parallel straight lines, while the double β decay points lie on a single straight line both odd-A and even-A values. The solid curve is the result to fit the β decay energies. In semi-empirical Bethe-Weizsäcker mass formula [12, 13] , the binding energy B(A, Z) of a nucleus can be expressed as a function of mass number A and charge number Z,
with P A = a p δA −1/2 , where the "δ=+1" is for even-even nuclides, the "δ=-1" is for odd-odd nuclides, and for odd-A nuclides (i.e. even-odd and odd-even) δ = 0. The a v , a s , a c , a sym and a p are the volume, surface, Coulomb, symmetry and pairing energy coefficients, respectively.
In the textbook, the relation between the nuclear mass excess and the binding energy is written as
where 0.008665 is the mass excess of neutron and 0.00084 the hydrogen-neutron mass difference in atomic mass unit, and one atomic mass unit is equivalent to 931.4943 MeV.
Mirror nuclei mass relation is deduced based on three assumptions as follows: 1) The difference between the binding energies of mirror nuclei is only due to the Coulomb interaction.
It is known that in the absence of Coulomb interactions between the protons, a perfectly charge-symmetric and charge-independent nuclear force would result in the binding energies of mirror nuclei being identical [14] [15] [16] ; 2) The Coulomb energy difference between a pair of mirror nuclei is proportional to Y = N − Z, the same as the assumption used in Ref. [14] ,
in which b c is the proportionality coefficient; 3) The coefficient of proportionality which indeed depends on A, may be considered as independent of Y for a given A. In Refs. [14, 17] , it was found that the b c coefficients are roughly constant (see the Tables 3-7 in Ref.
[17]) for a given A, and Ormand obtained an empirical formula b c = 0.710A 2/3 − 0.946 MeV by fitting to 116 experimental data with an rms deviation of 102 keV [14] .
On the other hand, the mirror mass relations can be obtained by Eq. (1) . Firstly, one need to express charge number Z with mass number A, that is to say, Z = 
Combining the three equations Eqs. (5)- (7), and taking the hydrogen-neutron mass differ-
This result is consistent with that in Ref. [18] . The calculation results are presented in 
Meanwhile, the double β decay Q value of (A,Z-1) in Eq. (3) is written as
The results of symmetry energy coefficient a sym are obtained by solving the combination of Eqs. (9) and (10).
The mass dependence of the symmetry energy coefficient of nuclei is written by 
